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Technologienl development of the chemical industry should proceed along the
foliowing lines:

1. Development of mew, highly efficient processdy. ~

2, Develomment of methods for improving the efficiency of existing types
of production.

i 3. Development of new types of fertilizers and of various chemicals to
- satisfy the needs of agriculture and farming in every respect.

. ' Expansion of the range and variety of consumers goods manufactured at
. chemical enterprises.

5. Many-sided utilization of crude materials.
6. Development of new tyres of highly efficient production equipment.

7. Search for corrosion-resistent materinls which are net in short supply
v and can be used in the construetion of chemical-production equipment.

8. Introduction of a maximum degree of mechanization and automatization
inte production processes.

9. Purificetion and rational utilization of liquid effluents and of noxious

gases released into the atmosthere. oy

- 50X1-HUM
-1 -
CLASSIFICATION CONFIDENTTAL
[stare NAYY NsRE DISTRIBUTION
ARHY AR FBY | I l

L

| éanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A00070019015




.
» RV ’

: IA-RDP80-00809A000700901

elease 2011/09/14

~ SONFIDRITIAL 50X1-HUM

Technological Problems ip the Field of Sulfuric-Acid Production f'
i

The USSR chemical industry may point to considerable achievements in
sulfurie-acid technology. Investigations of the kineties of the burning of
Pyrites have resulted in multiplication of the efficiency of mechaaica) pyrite
furnaces by more than two. On the basis of research on the kineties of the
nitrose Irocess, the Yield of acig Per unit tower volume could be inereased on
the average by more than twice in 1953 in relation to 191¢0, while the yield at
ceriain plants has even been raigeg to a sti1] higher level. As far ng contacf.
SWlfuric aciq ig concerned, domestic vanadium catalysts ang high-capa.city cata~-=~
lytic converters have been developed ang introduced. During recent yeers, ex-
tensive Tesearch has beep carried cut on the absorption or sulfuric actd anhy e
dride ang the burification of burner &8s from harmfyl admixtures. In cooperation
with the Institute (¢ Automatics ang Telemecxmnics, Academy of Sciences USSR,
extensive work on the camplete automatization of the contact Process ig being
carried on. ’

At Present, the Principal erude material for the Production of sulfurie
acid is Tlotation byrite, which is burned in mechanical furnaces or furnaces for
the burning of dust [flash roasters],

Uni‘ortunately, celcined ryrite is not Yyet being used ag a metallurgical crude
mate_rial, although thore are no serious technical obstacles to its smelting, The
Institute of Metallurgy, Academy of Seiences of Ukrainian SSR, has Successfully
completed an investigation on using chalk fines, which are a by-product of soda

- manufacture, for combining with ores.that are jip the form of dusts. The agglom-
erate of chalk and ore is then converted in hiagt furnaces. The Ministry of
Chemical Industry USSR regards it as essential ang urgent that work be done on !
adapting thig Process to caleineq byrite, Application of this process to cal
eined pyrite will take care of the cumbersome waste products that accumulate at
chemical Plants whioch Produce sulfuric aecid and calcined soda. Another pPossibil-~
ity is the use of calcineq pyrite as an additive in the manufacture of cement.

This impedes further work on the improvement of the efficiency of furnaces. The
investigation of various Systems formed in the charge during the Process of (= + 47
dation 1s alse of importance. This refers primarily to the systems FeS-SiOe,
Fe30h-8102. FeS-Fe3Oh-SIOQ, FeS-FeO-SiOQ, and Fes-FeQOS-SIOE.

At precent, elemental sulfur is ygeq to a ¢omparatively limited extent for
the production of sulfurie acid in the USSR. 1In ¢onnection with the discovery
of new deposits of elemental sulfur, ope may expect ‘Lhat sulfur will be used on
& most extensive scale as a erude material for the Production of sulfuric acid,
because sulfur is Preferable to byrite ip many respects. For that reason, it is
necesgary to conduct investigations on the burning of suilfur ang ofr products of
the énrichment of ores (sulfur toncentrates), 7Tp perticular, the mechanism of
‘the oxidation of sulfur in the vapor phase has not yet bveen- investigateq,

An important task is the development of highly efficient equipment for the
continuons melting out op sulfur from ores end from sulfur concentraces. TIp
connection with the extraction of sulfur from the ores of nev deposits occurring
in carbonate rocks, there is the pPossibility of producing ground limestone, which
can be used for tre&ting acldic soils.
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and of cement clinker from gypsum is known. 1In the case of phosphorus ypsum,

phosphoric acid interferes with clinker formation. It is necessary to find i
additives for the charge which would counteract the harmful effect of phosphoric

acid.

In a numter of regions of the USSR, pyrrhotines are the only locael crude
material which contains sulfur. In the burning >f pyrrhotines, as distinguished
from the burning of pyrites, there is no thermal splitting off of sulfur. Con-
sequently, the material does not become porous, so that the combustion of pyrrho-
tines is less intensive thar that of pyrites. It is necessary to search for
methods by which the oxidation of pyrrhotine cen be intensified.

In many types of production, e.g., in the petroleum industry, waste sulfuric
acid contaminated witk organic material is ootained. Utilization of this acid
is a very important matter. Occasionally, the sulfuric acid can be used as such,
but more frequently, the waste acid has 1o be decomposed with the formation of
sulfur dioxide. It is better to use sulfur.for this decomposition than carbona-
ceous fuel. '

In connection with the prospective availability of cheap power from hydro-
electric stations, cheap oxygen will become available. The use of oxygen cpens
up possibilities for improving the efficiency of sulfuric-acid production. It
is of particular advontage to use oxygen in burning crude material that contains
carbon and sulfur (pyrite combined with coel, waste material from coal enrichment).
By using oxygen in oxidizing this materiai, 100% COs or CO can also be obtained.

However, the problem of more complete enrichment of coal pyrite will have to be
solved first.

Of current importance is also the development of new types of furnares for
burning crude material that contains sulfur, for instance, furnaces for burning
in 2 "boiling" layer [fluidized solid layer]. In comnection with this, develop-
ment of smoothly operating boilers for the utilization of the waste heat of fur-
naces in which sulfur-containing crude material is burned becomes of importance.
In recent yeers, a number of methods for cooling caleined pyrite end for its
mechanical removal have been developed. Work on the perfection of these methods
should be continued.

In connection with the manufacture of sulfuric acid by the tover method,
lowering cf the expenditure of nitric acid remains a problem, notwithstandina the
high level of efficiency which has veen achieved in the tower process. High~ vid:
losses of nitric acld not only increase the cost of production, but also form a
health hazard in the regions where the plants are located. The finding of effec-
tive ubsorbents for nitrogen oxides bhecomes of importance from this standpoint.
Furthermore, the transfer of the entire towver process from 76% sulfuric acid,
which is a relatively poor asbsorbent of nitrogen oxides, to oil of vitriol, which
is e better absorbent of these oxides, ought to be considered.

In the production of contact sulfuric acid, application of active vanadium
catalysts and construction of catalytic converters which assure operation at op-
timal ter eratures have resulted in high yields of acid per unit volume of catae-
lyst and ... a high total extent of catalytic conversion. '

To assure a continually increasing production of sulfurie acid to be used
in the manufacture of fertilizers and for other purposes, it is necessa'y to in-
creese by several times the capacity of individusl catalytic converters without
inereasing substantielly the diemeter of the tube gratings. Good results may be
expected in that respect from extensive introduction of a catalyst mass formed
into rinzs. This tyoe of catalyst offers a low resistance to hydraulic flow.
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One must continue work on the improvement of vanadium catalysts, particularly ;
with the view of lowering the temperature of ignition. 1If this temperature is .
lovered, simpler decigns of equipment will resyult. It is also necessary to in-

crease further the th-vmal stability and mechanical strength of vanadium cata-

lysts. A search fer cheaper catalyst masses » Particularly active natural clays,

should be conducted, It is importa.t to create a simplified method for the dry

purification of burner gas which would not require prior cooling of the gas

resvlting Crom the burning of either pyrite or sulfur.

It would be of interest to investigate the direct oxidation of sulfur to
503 without Passing through the 50> stage. To solve this problem, it is neces-
sary to find a suitable catalyst and to devise a Procedure for the effective
removal of the heat of oxidation of sulfur, Successful work in this field would
8implify the cuntact process and open the possibility of using the heat of oxida-
tion of sulfur more completely.

Work should be done on the concentration of dilute sulfurous gases going to
vaste at metallurgical plants, electric power stations, and other types of plants,
Here, one camnot limit oneself to the methods which ere already being applied,
i.e., the ammonia method and the ammonia-acid method. One must iind new absarb-
ents for sulfur dioxide, ineluding organic substances which are suitable for that
burpose. Of particulsr interest are methods for the concentration of sulfur diox-
ide rarried out in combination with other processes, i.e., the ammonia method of
enrichment, combined with the production of ammoniun nitrate; the absorption of
sulfur dioxide by zine oxide Pulp, combined with the electrolytic production of
zinc, ete.

Hitherto, a1l investigators had set themselves the task ot finding an eco-
nomic method for the production of 100% S0p. However, at a number of installa-

tions, 1t would be advisable to enrich sulfur dioxide partially, i.e., up to a
coneentration of 7%, and then use it directly for the production of sulfuric acid.

Introduction on g large scale of economical methods for the enrichment of
sulfur dioxide and use of cheap oxygen in sulfuric-acid production wil> increase
by several times the output or sulfuric-acid plants.

Technological Problems in the Field of Phosphate-Fortilizer Production

Superphosthate is the phosphorus fertilizer which is most widely used at
Present. Work dope on the improvement of the quality of svperphosphate and on
methods for its production will remain of importance for a long time to come.

The continuous method of production is used at the superphosphzite plants
which have been built in recent years. oOne or the immediate tasks will be appli-
2ation of the continuous method at all superphosphate plents.

Particularly timely is the problem of improving the qualitv of superphosphate
obtained from vhospnorites of the Kara-Tau deposit. Since the P2‘)5 content of

this crude materinl s lover than that of egpatite, and since furthermore it con-
tains caleium carbonate and magnesium carbonate, the finished product obtained by
using an increased amount of sulfuric acid has a relatively low P205 content and

exhibits unsatisfactory physical characteristics, The most important task will
be develorment of methods for the enrichment of Kara-Tay phosphorites, i,e, y
enrichment in heavy suspensions [suspensions in liquids of high specific gravity],
enrichment by chemical methods, ete. The prhysical characteristies ean be improved
by treatment with ammonia, i.e,, neutralization of the superphosphate's free ncid-
ity with ammenia. An experimental rroduction installation for the ammonizetion of
superphosphate is already in operation [at the Kokand Superphosphate Plant].
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IL connection with the T ‘oblem of producing phosphoric acid and concentrated
fertilizers from Kara-Tau phosphorites 5 1t is advisable to investigate the system

P05 - MgO-BpS1Fg - B0,

In the production of concentrated phosphorus fertilizers (doubie super-
: phosphate conteining L7-484 or PQOS)’ preceded by extraction of phosphioric acid

with sulfuriec acid, it is very essential to obtain directly concentrated phos -
phoric acid and have the caleium suifate crystallize out in the form of anhydrite.

Ir addition to double superphosphate, "precipitate” (containing up to k5g
of P2:)5) and ammophos (containing up to 50% of P05 and 124 of N) will be pro-

duced within a few years. In comnection with this, one must develop methods of
decomposing apatite and phosphorites not only with sulphuric acld, but also with
nitric ang hydrochlorie acids. One should pay rarticular sitention to epplying
Practicallv the method of the decomposition of phosphates with nitric acid. If
this method is applied, concentrated phosphates ("precipitate"), mixed ferti-

lizers (nltrophor.ka), and nitrogen Tertilizers {.aleiun nitrate and amoniuym

nitrate) are obtajined, and the chemical energy of nitric acid is utilized twice.

The extent of the production of phosphorus fertilizers is still restricted
by the level of production of sulfurie acid, For this reason, it is necessary
to develop the production of phosphates that are assimilable by plants and pro-

At Present, a method for producing fused mognesia phosphates which contain up to

furnaces. Of definite interest is the thermal method of producing calcium meta-
phosphate and the complex conversion of phosphorites, together with sodium sulfate
and nepheline s into thermal phosphate.

o In connection with the production of varions thermal phosphates, it became
' necessary to investigate the mechanism and kinetics of the defluorination of phos-
phates, the fusibility in the system CaO-MgO-P205-SiOQ, the fusibility and viscos-

ities in the system CaO-A1203-P205 - 5105, ete.

Another source of phosphate fertilizers is formed by rhosphate slag produced
at metallurgical pPlants. Efforts should be made 10 increase the P205 content of

phosphate siags to 16-18%.

With the reduction in the cost of electric pover, the possibilities of the
R production of elemental phosphorus and of phosphorus fertilizers on the basis of
i elemental phosphorus are increased. The advantage of manufacturing fertilizers >
starting with 2lemental phosphorus, is that one may convert Practically any natu-
rally occurring phosphate into high-quality fertilizer. There are many methods
for improving the efficiency of the electrothermal production of phosphorus which
reduce the use of power and the cost of the product, because & number of other
products are obtained together with phosphorus. Some of these methods are use of
briquetted charges; simultaneous production of phosphorus » aluminum oxide » alka-
1is, fluorides » and cement from nnat,ite—nepheline, apatite-clay, apatite-bauxite,
and other charges; simultaneous production of phosphorus and caleium carbide;
utilization of gases of phosphorus furnaces; and utilization of the slags of phos-
phorus production.
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A number of Problems that arise in connection with the oxidation of phos-
phorus must be solved. For instance » research must be done on (1) the oxidation
of phosphorua by meens of watey vapor, with simultaneous production of hydrogen,
and (2) oxidation with water under pressure. To solve the problems involved in
the technology of phesphorus production, it is necessary to subject to theoreti-
cal study the mechanism of the reduction of rhosphates, the kinetics ot the
brocess of phosphorus distil.lation, and the effects of various additions to the
furnace charge.

Utilization to the utmost degree of the fluorine contained in phosphates and
extension of the range of the fluorides produced are also of importance. One
should manufacture not only sodium fluorosilicate s 88 has been done until recently,
but also secdium fluoride, calcium fluoride, cryolite » and other fluorine compounds,

Technological Problems in connection With the Production of Armonia and of Nitrogen

Fertilizers
—=_nsllZers

The range of nitrogen fertilizers being produced is in the Process of ex-
Dansion during the Period of the current Five-Year Plap. 1In aeddition to the pro=-
duction of ammonium nitrate, which is the principal nitrogen fertilizer » the pro-
duction of ealefum nitrate and of calcium-amnonium nitrate is being developed at
present. In regard to the extent of the production and application of ammonivm
nitrate, vhich is a highly concentrated fertilizer containing 35% nitrogen, the
USSR occupies the foremost plece in the world. The quality of this product has
been greatly improved during recent years. At present ; most of the ammonium
nitrate is being supplied in the form of a noncaking product.

It is necessary to develop more efficient and more econcmical methods for
the production of sodium nltrate ard potassium nitrate on a large scale, so that
these salts may be applied not only for technical purposes, but also as fertiliz-
ers.

are being developed, i.e., the method of cation exchange between NaCl and caleium
nitrate on ion exchange agents, the direct decomposition of KO with nitrogen
oxides, and the double decomposition of ammonitzu nitrate with potassiun chloride.

Urea is a highly concentrated fertilizer, which is especially suitable for
the extraradical supplemental fertilization of plants [for use as a fertilizer
on rootless saplings?]. However, because of the high cost of urea and the great
demand for this chemical on the part of the industry, particularly for the pro-
duction of plastics, it is net used extensively in agriculture. Measures for
reducing the cost o the production of urea should be taken.

A new catalyst which contains a promoter has heen developed for the produc-
tion of hydrogen to be used in the ammonia synthesis. With the use of this cata-
lyst, the temperature of conversion of CO is lowered, the degree of conversion
increased, and the quantity of steam reduced. It is necessary to continue the
search for active low-temperature catalysts and to expedite the development of
catelytic converters the use of which would assure operation under optimal temper-
ature conditions. In other vwords, lowering of the temperature and an inecrease in
the degree of catalytic conversion should be achieved. Development of fine cata-
lytic methods for the purification of the gns is also of great importance.

* Although brogress has been achieved in this field during the past 15 years,
this progress cannot satisfy us completely. Creation of catalysts that are active
at lower temperatures and at the same time have & sufficient stability will result
in & considerable inerees= in the produetion of ammonia and a simplification in
the design of synthesis columns.
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Extensive work has been done on the improvement of catalysts and catalytic
Drocesses applied in the production of nitric acid. A tvo-stage catalyst for
the oxidation of emmonie, which considerably lowers the amount of platinum that
hac to be invested at any one time, has been developed and 1s being introduced.
Scme results that have been obtained in work on catalysts for the oxidation of
ammonia may lead to the complete elimination of rlatinum.

At present, a method is available for the direct synthesls of concentrated
nitric acid by the oxidation of nitrogen oxides with oxygen under pressure.
Development of a method for tie direct synthesis of concentrated nitric acid

would be application of - catalyst for accelerating the oxidation of nitrogen
oxlde during the process of absorpti: -,

The imporiance of investigations in the field of catalysts can be seen in
the example of the nitrogen industry. USSR scientists have developed a number
of new catalysts and catalytic processes. Considerable success has been achieved
in recent years in the field of the kinetics of industrial reactions. The new
subdivision of diffusion kinetics o1 heterogenous gas reactions has been created.
The ideas on the properties and nature of catalyst surfaces have received further
development. ! -

However, in view of the great potentialities which are implicit in the
application of catalytie brocesses, the results achieved hitherto do not satisfy
us. At Present, the search for new catalysts is conducted empirically. When
the theory or heterogenous catelysis has been developed sufficiently, it will
be possible to predict catalytic activity on the basis of theoretical considera-
tions.

Technological Problems in Connection With the Produetion of Potassium Fertilizers

The principal potassium fertilizer available at present is potassium chlo-
ride. However, the chlorine ion has a harmful effect on some crops (tobacco,
citrus crops, ete). This necessitates rapid organization of the production of
chlorine-free potassium salts (potassium sulfate, potassium phosphates, sulfates
of potassium and magnesium, potassium nitrate). Ore of the ways of achieving
this purpose woula be utilization of ecrude salts mined at the Carpathian potes-
sium depesits. These salts contain potassium sulfate and magnesium sulfate.
Several methods ror working them up have been proposed. Other, simpler methods
for their corversion should be developed, however. The hydrothermic method would
be suitable for the production of potassiur sulfate by the reaction of epsomite
(Mgsoh. 7320) with potassium chloride. By using this method, potassium sulfate,

magnesium oxide of high quality, ana hydrochloric acid can be produced simultane-
ously. Using the hydrochloric acid obtained in this manner, the production of
"precipitate" [a phosphorus fertilizer) can be organized to advantage. Enormous
quantities of epsomite are contained in the brines of Kara-Rogaz-Gol..

In addition to this, there is the intention or producing synthetic potassium
sulfate by reacting potassium chloride with sulfuric acid. The hydrochleric acid
obtained in this manner may be utilized for the production of "precipitate.”

Of interest is the development and introduction of a8 process in which both
potassj. a4 sulfate and hydrochloric acid are obtained by reacting potassium chlo-

ride with sulfur dioxide in the Presence of water, oxygen, ard iron cinders
[pyrite cinders?] all of which ect as a catalyst,
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suspensions (suspensions in liquids of a high specific gravity] in a "hydro-
cyclone" [centrifugal classifier?]. The Dilot-plant work on this method should
be completed within the Tirst 6 months [of the current Five-Year Plan] and funds
assigned for the designing of Production units.

Technological Problems in tﬁe Field of Soda Production

In the field orf calcinec-soda Production efforts tre being made to increase
efficiency by introducing technologically superior equipment ang by utilizing
more fully the {nitial crude material. Equivment of the bubble-column type is
being investigated with the view to improving further the efficiency of the dis-
tillation process in soda production, EQuipment providea with plates of the
sieve type is being tested from the standpoint of its application in various
rhases of soda Production, i.e., in precarbonation, distillation, decarbonation,
ete.,

Automatization of the technological, pro.ess is being widely introduced at
sodu-manufucturing plants. Automatic control Drocedures are being introduced for
control of the carbonation process (distribution of the carbon dioxide among car-
bonatic, columns, regulation of the supply of 1liguid to the columns and of the
liquid's flow from the columns, and control of the degree of conversion), regu-

One of the problems to be solved in connection with soda production is utili-
J4ation of the waste calcium chloride.

Of importance ig the development of 4 new technology of the production of
sodium carbonate, potassium carbonate, and potassium sulfate from the waste
leaching solutions of aluminum oxide production, S0 that the nepheline, which is
used as the initial erude moterial ang from which aluminum oxide, cemert, and
products of the soda industry can he obtained, will be fully utilizeq. With this
end in view, work is being conducted on the following processes:

...« 1. Carbonation of the leaching solutions of eluminum-oxide production, fol-
lowed by the production of sodium bicarbonatc, with subsequent evaporation of the
mother liquor (Scientific Research Institute of Fertilizers ang Insectofungicides).

2. Grodual carbonation of the leaching solutions of aluminum-oxide produc-
tion to produce trona and potassiun bic&rbonate, followed by gradual evaporation
of the mother liquors (Institute of General and Inorganic Chemistry, Academy of
Sciences ussg).,

3. Polythermal separation of sodium carbonate, potassium carbonate, and
protassium sulfate by gradual evaporation of the leaching solutions of aluminum

oxide pr?duction, followed by cooling (VNIIG and All-Union Institute of the Soda
Industry).
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ve to be colved. Anong these
are application of higher potentials in the operation of Glaphragn-cell and

duction of a continuous process
r degree of purification of the

brine.

It 18 necessary to expedite invests

gations on the reduction of cathode
potentials in industrial electrolytic ce

1lls, both by proper selection of the

substances to the electrolyte; on
increasing the stability of graphite electrodes ang prolenging their useful

life; and on the development ¢ new types of diaphragms which will last longer
and can be fashioned within a shorter tinme.

Completion of the investigation on the transfer of electrolytic cells to
operation with a filled cathode space will increase the coucentration of alkali
in the soclutions obtained from the cells and thus reduce the quantity of steam
needed for the evaporation of these solutions. This problem should be solved
vithin the current year [1954].

Of great practical significance is the transfer of mercury electrolytic
cells to operation at higher current densitites. Experimental work. hag shown
thet introduction of measures to this end will increase the capacity of the pro-
duction units and reduce the use of mercury without increasing the :use of elec-
tric power.

Complete automatizmfion, within the shortest possible time, of the techno-
logical processes carried out

in the plant departments of electrolysis and evap-~
oration is of great importance. improve the
economic indices of the work don
Beneral cultural [sic] level of

Conclusion
Z2resusion

The above outline of s
tasks which must be accompli

A great role in
ave to be played
ademy of Sciences US3R and the institutes or the

One may remark in this connection that, as a rule, suc-

1 problem can be achieved by insti-

that after the laboratory phase has
* fundamental relationships have been established, subse-
quent ‘technological development be carried out in close collaberation with spe-
cinlized branch industrial institutes.

by the institutes of the Ac
individual republics.

Of great significance to ‘he success of
cation of the latest methods of investigation (tracer atoms, X-ray analysis,
ete.)., If the laboratory work has been done thoroughly and the investigetion

has been on a high level, successful and Speedy introduction of the results into
industrial Practlce is assured thereby.

sc’entific research work is appli-

precludes spending the time necessary for all the stages of experimental work which
vere customary hitherto, i.e., model experiment, semiplant-scale experiment, and
operation of an experimentsl installation on a production scale. Carrying out

the experimental work througt. all the slages enumerated is very expensive. One
must be more audacious in transferring to full-scale industrial application tech-
nical data obtained qg'relatively sma1l. laboratory installations. The trrmeition

2
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